Background: Scapular fractures have been traditionally taught to be associated with significant injuries and major
T raditional teaching has indicated that scapular fractures are associated with substantial morbidity and mortality, due in large part to their association with other thoracic injuries, such as rib fractures and pulmonary contusions. [1] [2] [3] [4] In a 1985 trauma review, Thompson et al. 4 reported that scapular fractures impart healthcare providers with critical information about patients' risk of ipsilateral thoracic and shoulder injuries, including pulmonary contusions, rib fractures, brachial plexus injury, and great vessel injuries.
These teachings, however, should be considered in the context of the predominant imaging at the timeprior to the widespread use of CT in blunt trauma evaluation, scapular fractures were primarily diagnosed by plain x-ray imaging, including chest x-ray (CXR). [5] [6] [7] [8] With increasing use of CT in adult blunt trauma patient evaluation, many more thoracic injuries are being diagnosed that were formerly undetected and these injuries may be of less clinical significance. [5] [6] [7] [8] [9] [10] [11] We have previously demonstrated that traditional dogma regarding high morbidity and mortality associated with sternal fractures, pulmonary contusions, and rib fracture may not be applicable when these injuries are seen in isolation or when they are seen on CT only (SOCTO). [9] [10] [11] In this analysis we sought to similarly update teachings about scapular fracture in the age of frequent chest CT utilization for trauma. Specifically, we sought to determine the 1) percentages of scapular fractures SOCTO versus seen on both CXR and CT and of isolated scapular fracture (scapular fracture without other thoracic injuries); 2) frequencies of associated thoracic injury with scapular fracture; and 3) proportion of patients admitted, mortality, hospital length of stay, and injury severity scores (ISS), comparing four patient groups scapular fracture, nonscapular fracture, scapular fracture SOCTO, and isolated scapular fracture SOCTO. Considering our past work in this realm, our primary hypotheses prior to this analysis were that most scapular fractures are SOCTO and that patients with isolated scapular fracture SOCTO and isolated scapular fracture SOCTO do not have increased mortality compared to patients without thoracic injury.
METHODS
We conducted this preplanned analysis of data collected during the NEXUS Chest CT study that was conducted at nine Level I United States trauma centers from August 2011 to May 2014. 12 In this parent study, which was designed to derive and validate clinical decision instruments to guide selective Chest CT, we enrolled patients with the following inclusion criteria: 1) age > 14 years, 2) blunt trauma within 6 hours of ED presentation, and 3) receiving chest imaging during ED trauma evaluation. To determine proportions of scapular fracture SOCTO, we focused only on the patients who had both CXR and chest CT.
We followed Strengthening the Reporting of Observational Studies in Epidemiology and standard chart abstraction guidelines. 13, 14 During the parent study, we conducted dual chart abstraction and found high interabstractor agreement (j = 0.97) for all key data points and outcome measures in this analysis.
We determined the presence or absence of scapular fracture by official readings of CXR and chest CT by board-certified radiologists. When interpretations were equivocal on radiology reports, i.e., "possible scapular fracture," we deemed fractures to be present. If there was discrepancy between the CT and CXR reports, the CT interpretation was used. Scapular fracture SOCTO was defined as scapular fracture seen on trauma chest CT but not on preceding CXR, and isolated scapular fracture was defined as scapular fracture without any other associated injuries seen on chest CT.
We managed data using REDcap hosted by the University of California San Francisco, performed sorting using Excel (Microsoft, Version 2016) and used STATA v12 (StataCorp) for statistical analyses. 15 We primarily calculated descriptive statistics (frequency percent, medians, and interquartile ranges). To compare mortality between groups, we calculated differences in proportions with 95% confidence intervals (CIs) and to compare prevalence of concomitant injuries we calculated unadjusted odds ratios (ORs). Our sample size calculation was directed at the goals of the parent study and not this analysis in particular. We obtained institutional review board approval at all sites prior to patient enrollment.
RESULTS
We enrolled 11,477 subjects in this study and 144 (1.3%) were diagnosed with scapular fracture. Scapular fracture was the least common thoracic injury behind rib fracture (9.6%), pulmonary contusion (5.7%), pneumothorax (5.0%), sternal fracture (2.0%), hemothorax (1.8%), and thoracic spine fracture (1.8%). Of the 4,501 (39.2%) patients who had both CXR and chest CT, 121 (2.7%) had scapular fractures; of the 6,308 (55.0%) patients who only had CXR, 12 (0.2%) had scapular fractures; and of the 668 (5.8%) patients who only had chest CT, 11 (1.6%) had scapular fractures. Four (2.5%) patients had surgery for their scapular fracture during their index hospital visit (see Table 1 for patient characteristics).
Focusing on the 121 scapular fracture patients who had both CXR and chest CT, 73 (60.3%) of these scapular fractures were SOCTO and 23 (19.0%) patients had isolated scapular fracture. The most common thoracic injuries associated with scapular fracture were rib fracture (56.9%), pulmonary contusion (40.2%), pneumothorax (40.0%), thoracic spine fracture (25.0%), hemothorax (18.8%), clavicle fracture (18.1%), and pneumomediastinum (11.8%), all of which were significantly more common (p < 0.01 for all) than in nonscapular fracture patients. Pneumomediastinum had the highest unadjusted OR of 24.3 (95% CI = 13.8 to 42.8) for concomitant prevalence. The prevalence of thoracic injuries in patients with scapular fracture SOCTO was similar to the prevalence in patients with scapular fracture seen on CXR (see Table 2 for relative prevalence of associated injuries comparing scapular fracture patients and nonscapular fracture patients).
Although 
DISCUSSION
The third millennium has been notable for a marked increase in utilization of head-to-pelvis CT (pan-scan) in blunt trauma evaluation. [16] [17] [18] [19] [20] [21] Because of its superior ability to rapidly detect injuries compared to plain Note: The SOCTO group (n = 73) is a subset of the Scapfx cohort (n = 144). IQR = interquartile range; ISS = injury severity scale; LOS = length of stay; MCC = motorcycle collision; MVC = motorized vehicle collision; PVA = pedestrian struck by vehicle; Scapfx = scapular fracture. Data are reported as number (%) unless otherwise specified.
x-rays, CT is extremely useful in the evaluation and management of critically ill, polytrauma patients.
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The utility of pan-scan and CT in lower-acuity trauma patients, however, has not been clearly established, and many minor injuries detected by CT may have little or no impact on patient care. [7] [8] [9] [10] [11] Using data from our prospectively enrolled, large cohorts of adult trauma patients, we have previously updated pulmonary contusion, sternal fracture, and rib fracture diagnosis principles. [9] [10] [11] In this analysis conducted to similarly inform scapular fracture diagnosis in the age of pan-scan, we found that nearly two-thirds of scapular fractures were SOCTO and that scapular fracture was usually associated with other thoracic injuries, especially rib fractures, pulmonary contusion, pneumo/hemothorax, and thoracic spine fracture.
Although patients with scapular fracture had higher hospital admission rates, ISS, and hospital length of stay than nonscapular fracture patients, their overall mortality was not significantly different than that of patients without scapular fracture. It is important to note, however, that the presence of scapular fracture alone would not be expected to result in death, and given that no patients with isolated scapular fracture died in this cohort, mortality of scapular fracture patients was likely attributable to their other injuries.
Put into context of other recent literature, including our other analyses demonstrating that most sternal fractures, pulmonary contusions, and rib fractures are SOCTO, it is clear that chest CT consistently detects many more injuries than plain CXR. Whether detecting these injuries by CT leads to better trauma care outcomes that outweigh the incremental costs, radiation exposure, and resource utilization to workup incidental findings attendant with CT remains unclear. Many, if not most, of these injuries are treated solely with supportive care and pain control, which would generally be provided based on subjective symptoms anyway. In our study, only a minority of patients had a surgical intervention during their hospital stay and their chest trauma and scapular fractures were otherwise managed with supportive measures. Overall, we recommend selective chest CT guided by the NEXUS Chest CT decision instruments. The imaging guided by these instruments would have decreased chest CT use by 25% to 38% and detected all but two scapular fractures, both which were nonoperative.
Regarding the utility of CT in the evaluation and management for scapular fracture specifically, the literature has been mixed. McAdams et al. 22 did not find a statistically significant difference between CT scans and regular radiography in the evaluation and diagnosis of scapular neck fractures. However, they had a very small sample size of 20 patients, which may have limited their ability to detect meaningful differences. By contrast, Traub and others 6 found that chest CT scans are significantly more likely to inform accurate scapular fracture diagnoses compared to CXR, and Tadros et al. 23 reported that CT scan 3D reconstruction is the most clinically useful imaging tool for the detection, evaluation, and characterization of scapular trauma.
LIMITATIONS
Given that fewer than half of patients received chest CT, spectrum bias may have influenced our results. Some patients who only received CXR may have had undiagnosed scapular fracture and the higher frequency of scapular fracture diagnosis by CT scan may be partially explained by the fact that patients who were more severely injured likely received chest CT more often. Even though we enrolled over 11,000 patients in the parent study, the relatively low numbers of patients with scapular fracture may have limited our ability to detect significant differences between groups, especially with regards to mortality in which we noted small, statistically insignificant differences with scapular fracture. Furthermore, given that scapular fracture by itself is unlikely to cause death, mortality may be too crude of an assessment of clinical outcome differences between groups.
Our study was conducted at Level I trauma centers in urban areas-dissimilar hospitals may see a different spectrum of patients and may utilize chest CT to a greater or lesser extent. We did not follow up on scapular fracture patients after they left the hospital to determine whether they later had surgery or other procedures related to their fractures.
It is unlikely that our primarily daytime enrollment hours introduced selection bias-we found no meaningful differences between daytime and nighttime patient characteristics. 12 While radiologists were blinded to patient enrollment, they were not blinded to the use of CT and CXR, and therefore their final radiology reports may have been influenced by the viewing of the other imaging modality. If this would have any effect, it is likely that it inflated the frequency of scapular fracture seen on CXR.
Changes in clinicians' CT ordering practices over time could have impacted the yield of scapular fracture diagnoses. However, providers in the later validation set were unaware of the rule derived in the derivation set, and they were also unaware of the transition point between derivation and validation time periods. Use of chest CT increased from 31.2% to 48.0% from derivation to validation sets.
CONCLUSIONS
Scapular fracture is an uncommon injury in adult blunt trauma patients. Most scapular fractures are seen on chest CT only and most are associated with other thoracic injuries. Although patients with fracture seen on chest CT only and isolated scapular fracture have mortality that is not significantly different than that of patients without scapular fracture, they had higher hospital admission rates and injury severity scores.
